Clinic-based studies suggest that dementia is diagnosed at older ages in bilinguals compared with monolinguals. The current study sought to test this hypothesis in a large, prospective, communitybased study of initially nondemented Hispanic immigrants living in a Spanish-speaking enclave of northern Manhattan. Method: Participants included 1,067 participants in the Washington/Hamilton Heights Inwood Columbia Aging Project (WHICAP) who were tested in Spanish and followed at 18 -24 month intervals for up to 23 years. Spanish-English bilingualism was estimated via both self-report and an objective measure of English reading level. Multilevel models for change estimated the independent effects of bilingualism on cognitive decline in 4 domains: episodic memory, language, executive function, and speed. Over the course of the study, 282 participants developed dementia. Cox regression was used to estimate the independent effect of bilingualism on dementia conversion. Covariates included country of origin, gender, education, time spent in the United States, recruitment cohort, and age at enrollment. Results: Independent of the covariates, bilingualism was associated with better memory and executive function at baseline. However, bilingualism was not independently associated with rates of cognitive decline or dementia conversion. Results were similar whether bilingualism was measured via self-report or an objective test of reading level. Conclusions: This study does not support a protective effect of bilingualism on age-related cognitive decline or the development of dementia. In this sample of Hispanic immigrants, bilingualism is related to higher initial scores on cognitive tests and higher educational attainment and may not represent a unique source of cognitive reserve.
Bilingualism has powerful effects on childhood cognitive development and is associated with enhanced executive control, cognitive flexibility, and theory of mind in children (Akhtar & Menjivar, 2012) . These effects may result from extended practice in inhibition (Emmorey, Luk, Pyers, & Bialystok, 2008) . Because both languages are activated when one is being used, bilingual individuals must continuously resolve lexical competition via inhibition (e.g., inhibiting the Spanish word perro while producing the English word dog; Abutalebi & Green, 2008) . However, executive function advantages are also reported in preverbal infants in bilingual homes (Kovacs & Mehler, 2009 ). This observation suggests that practice in inhibition during language expression may not be required for executive function benefits to emerge. Instead, the executive function advantage associated with bilingualism may be linked to domain-general cognitive control processes that are sharpened during the perception of multiple input languages. Hence, noninhibitory cognitive processes involved in managing competing representations of two languages may also strengthen executive skills. Regardless of its source, the executive function advantage among bilinguals may persist into late adulthood and contribute to cognitive reserve (Bialystok, Craik, & Luk, 2012) . According to the theory of cognitive reserve, certain life experiences and activities mitigate the impact of brain pathology through the adaptive use of neural networks (Stern, 2002 (Stern, , 2009 .
There is evidence for both cognitive advantages and disadvantages in bilingual adults. In the language domain, bilingual adults perform worse on measures of vocabulary , picture-naming (Gollan, Fennema-Notestine, Montoya, & Jernigan, 2007; Gollan, Montoya, Fennema-Notestine, & Morris, 2005) , word comprehension and production (Ivanova & Costa, 2008; Ransdell & Fischler, 1987) , and semantic fluency (Gollan & Ferreira, 2009; Gollan, Montoya, & Werner, 2002; Rosselli et al., 2000) . Bilingual disadvantages on language tasks are likely due to increased difficulty in lexical processes, such as the speed of lexical access (i.e., the time required to activate and select a specific word). Because the sizes of bilinguals' lexicons are approximately double those of monolinguals, they have more word options to express a given concept, which increases competition during lexical selection. By necessity, they use each language less frequently than their monolingual counterparts (e.g., Gollan, Montoya, Cera, & Sandoval, 2008) . Very few studies have assessed whether the lexical access disadvantage for bilinguals changes with aging, but limited extant evidence suggests that the effects of bilingualism on lexical access are similar for young and older adults (Gollan et al., 2008) .
In contrast to those in the language domain, a number of studies have reported superior executive control and episodic memory in bilingual adults compared with monolinguals (Bialystok, Craik, Klein, & Viswanathan, 2004; Bialystok, Craik, & Luk, 2008; Salvatierra & Rosselli, 2010; Schroeder & Marian, 2012) . Recent functional MRI evidence showed that improved task switching performance among older lifelong bilinguals was associated with attenuation of age-related overrecruitment of left lateral frontal cortex and cingulate cortex (Gold, Johnson, Kryscio, & Smith, 2013) . This observation suggests that bilingualism is associated with improved neural efficiency, a key aspect of cognitive reserve. In a recent study, Schroeder and Marian (2012) reported better performance in bilingual versus monolingual older adults on an episodic memory recall task, another cognitive domain that exhibits robust age-related decline. The authors attributed this effect to the "executive" components of episodic memory performance (i.e., processes required for active encoding and retrieval). Given evidence that bilingualism is associated with better executive control and episodic memory and more efficient neurocognitive processing, it is possible that it may protect against general age-related cognitive decline and dementia.
To date, three clinic-based studies have tested for a relationship between bilingualism and dementia. The first involved a retrospective chart review of 184 patients from a memory clinic in Toronto and reported that bilinguals were diagnosed with dementia an average of 4 years later than monolinguals (Bialystok, Craik, & Freedman, 2007) . The second study did not replicate this finding in a sample of 632 patients with probable Alzheimer's disease from a memory clinic in Montreal (Chertkow et al., 2010) . That study found only a small protective effect of speaking three or more languages (i.e., multilingualism). The third study, in a sample of 44 Hispanics with probable Alzheimer's disease (AD) at an Alzheimer's disease Research Center in California, reported an association between Spanish-English bilingualism and later age of dementia diagnosis only among patients with low education (Յ 11 years; Gollan, Salmon, Montoya, & Galasko, 2011) . Given these discrepant results, a large, prospective, community-based study of the effects of bilingualism on the development of dementia is needed. Unlike previous studies in which monolinguals and bilinguals seen in memory clinics were culturally different, we recruited monolinguals and bilinguals from a single population. This is also the first study to analyze the relationship between bilingualism and incident dementia, rather than prevalent dementia. In contrast, the three studies reviewed above used less reliable estimates of clinical onset for most participants. The current study examines the influence of bilingualism on cognitive decline and dementia conversion among 1,067 initially nondemented Hispanic immigrants followed prospectively up to 23 years.
Method

Participants and Procedure
The 1,067 older Hispanics in this sample were participants in the Washington/Hamilton Heights Inwood Columbia Aging Project (WHICAP). WHICAP is a prospective, community-based longitudinal study of aging and dementia in a racially and ethnically diverse sample of Medicare-eligible residents of northern Manhattan. The community of Washington/Hamilton Heights and Inwood is a Spanish-speaking enclave populated largely by emigrants from the Caribbean.
Descriptions of full study procedures and of the total sample have been reported previously (Manly et al., 2005; Tang et al., 2001) . In brief, participants were identified from Medicare records and recruited in two waves: 1992 (N ϭ 627) and 1999 (N ϭ 604). Ongoing follow-up occurs at 18 -24 month intervals and includes a battery of cognitive, functional, and health measures administered in the participant's preferred language (English or Spanish). Only 6.6% of Hispanic immigrants in WHICAP prefer to be evaluated in English. A full description of procedures for translating the WHICAP battery into Spanish has been reported previously (Jacobs et al., 1997) . In brief, all interview questions, test instructions, and stimuli were first translated into Spanish by a committee of native Spanish speakers from the Dominican Republic, Puerto Rico, Cuba, and Spain. Next, all material was backtranslated to ensure accuracy. When necessary, scoring criteria were modified to allow credit to be given for responses reflecting regional idioms. Interviewers of Spanish-speaking participants are fully bilingual community members. Race and ethnicity is determined via self-report using the format of the 2000 U.S. Census. The current sample included only participants who self-identified as Hispanic (of any race), were born outside the United States, were tested in Spanish, had data on self-reported English language proficiency, and did not meet criteria for dementia at their initial study visit. See Dementia Diagnosis for a description of dementia diagnoses in WHICAP. Characteristics of the sample are available in Table 1 . These characteristics are presented separately for monolinguals (i.e., participants who answered "not at all" to the English proficiency question) and bilinguals (i.e., participants who answered "not well," "well," or "very well" to the English proficiency question). However, it should be noted that bilingualism was treated as a four-category variable in all analyses, as described below.
Measures
Bilingualism. All participants were born and raised in Spanish-speaking countries, their first language was Spanish, they considered Spanish to be their primary language, and they chose to be evaluated in Spanish for the WHICAP study. In addition, the interviewer confirmed that participants demonstrated fluency in Spanish throughout the interview. Level of bilingualism in this cohort was therefore classified based on English language proficiency. Proficiency in English was characterized via self-report using a 4-point Likert-type item that asked, "How well do you speak English?" Of the 1,067 participants who completed this item, 47 (4%) reported speaking English "very well;" 106 (10%) "well;" 277 (26%) "not well;" and 637 (60%) "not at all." The validity of this self-report item was assessed with the Englishlanguage Wide Range Achievement Test-Version 3 (WRAT-3; Wilkinson, 1993) in a subgroup of 235 participants. The average WRAT-3 score in this subgroup was 17.31 (SD ϭ 16.91; range: 0 -53). A one-way analysis of variance confirmed that English reading level was positively associated with self-reported English proficiency, F(3, 229) ϭ 57.17; p Ͻ .001. Tukey's honest significant difference further demonstrated that individuals reporting no English proficiency performed significantly worse on the WRAT-3 compared with the other three groups (all p's Ͻ .001). Individuals who reported speaking English "not well" performed significantly worse than those who reported speaking English "well" (p ϭ .001) or "very well" (p ϭ .008). There was no significant difference in WRAT-3 performance between those who reported speaking English "well" versus "very well" (p ϭ .999).
Memory. Episodic memory was assessed with the Selective Reminding Test (SRT; Buschke & Fuld, 1974) . Participants are given six trials to learn a list of 12 words. Following each trial, participants are only reminded of the words they failed to recall. Total learning is quantified as the total number of words recalled after the six learning trials. Delayed recall is quantified as the number of words recalled after a 15-min delay. Delayed recognition is the number of words correctly recognized immediately following the delayed recall trial. Total learning, delayed recall, and delayed recognition scores at each occasion were standardized to z-score metric using the sample's means and standard deviations at the initial occasion. Memory composite scores for each occasion were computed by averaging the three z-scores at that occasion.
Language. Language was assessed with tests of naming, repetition, and comprehension. Naming ability was quantified as the number of spontaneously identified objects on a 15-item version of the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) . Repetition and comprehension were assessed with subtests of the Boston Diagnostic Aphasia Examination (Goodglass, 1983) . Repetition was quantified as the total number of high-probability phrases correctly repeated. Comprehension was quantified as the total number of correct responses to comprehension questions. Naming, repetition, and comprehension scores at each occasion were standardized to z-score metric using the sample's means and standard deviations at the initial occasion. Language composite scores for each occasion were computed by averaging the three z-scores at that occasion.
Executive functions. Executive functions were assessed with tests of verbal and nonverbal abstraction and letter fluency. Verbal abstraction was quantified as the total raw score on the Similarities subtest of the Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) . Nonverbal abstraction was quantified as the total score on the Identities and Oddities subtest of the Mattis Dementia Rating Scale (Mattis, 1976) . Letter fluency was quantified as the total number of words beginning with P, S, or V generated over three 60-s trials. Verbal abstraction, nonverbal abstraction, and letter fluency scores at each occasion were stan- dardized to z-score metric using the sample's means and standard deviations at the initial occasion. Executive function composite scores for each occasion were computed by averaging the three z-scores at that occasion.
Task switching, an aspect of executive functions that may more closely resemble the demands of bilingualism, was assessed in a subset of 396 participants (233 monolinguals and 163 bilinguals) with the Color Trails Test. All of these participants were from the second recruitment wave (1999), when the Color Trails Test was added to the WHICAP battery. In Trial 1, participants sequence numbers. In Trial 2, participants sequence numbers while simultaneously alternating between two colors. Trial 1 and 2 scores were the number of seconds taken to complete the trial (maximum: 240 s). Task switching was quantified as the residual variance in Trial 2 scores after regressing Trial 2 scores onto Trial 1 scores (Salthouse, 2011). These residualized Trial 2 scores were standardized to z-score metric using the sample's means and standard deviations at the initial occasion. Because this task-switching variable was only available on a subset of participants, it was not included in the executive function composite score described above.
Speed. Speed was assessed in a subset of 396 participants with the Color Trails Test (described above). All of these participants were from the second recruitment wave (1999). Trial 1 and 2 scores at each occasion were standardized to z-score metric using the sample's means and standard deviations at the initial occasion. Speed composite scores for each occasion were computed by averaging the two z-scores at that occasion.
Dementia Diagnosis
As shown in Table 1 , 282 participants developed dementia over the course of the study. Dementia diagnoses based on DSM-III criteria were made after each follow-up visit by a consensus group of neurologists, psychiatrists, and neuropsychologists based on information gathered at that visit, and blind to scores and diagnoses at prior visits. The cause of dementia was determined using published research criteria for probable and possible AD (McKhann et al., 1984) , vascular dementia (Roman et al., 1993) , Lewy body dementia (McKeith et al., 1996) , and other dementias.
Statistical Analysis
The primary aims of this study were to evaluate associations between (a) self-reported and (b) objectively measured bilingualism, and (1) cognitive trajectories within four domains and (2) dementia conversion. Descriptive statistics were computed using SPSS version 20. Multilevel modeling and survival analyses (described below) were conducted in Mplus version 7.
Associations between bilingualism and cognitive trajectories (Aim 1) were explored via the multilevel model for change. Modeling proceeded in three broad stages. First, longitudinal changes within each of the four cognitive domains (i.e., executive function, memory, language, and speed) were characterized via four unconditional growth models, which included no covariates. These unconditional models provided estimates of overall initial scores on the cognitive composites and linear rates of change over the 23-year study period. The relationship between bilingualism and longitudinal changes in task-switching ability were analyzed in a subset of 396 participants from the second recruitment wave (1999) who completed the Color Trails Test. The time variable in all growth models was age.
Next, the general relationship between degree of bilingualism and cognitive trajectories was examined by adding a four-category variable representing participants' self-reported English language proficiency to the four unconditional growth models. These unadjusted conditional models provided estimates of general relationships between bilingualism and the cognitive trajectories, without taking into account other covariates.
Finally, five covariates were added to the four unadjusted models. Covariates were chosen based on the extant literature and findings of univariate relationships with variables of interest within the present sample. Covariates were centered in order to facilitate parameter interpretation. Specifically, values of 0 correspond to country of origin other than Puerto Rico or Dominican Republic, male gender, 6 years of education, 41% of life spent in the United States, and recruitment in 1992. Positive values of these variables correspond to country of origin of Puerto Rico or Dominican Republic, female gender, more education, higher proportion of life spent in the United States, and recruitment in 1999. These adjusted conditional models provided estimates of unique relationships between bilingualism and the cognitive trajectories.
The influence of bilingualism on dementia conversion (Aim 2) was explored with Cox regression. The time variable was defined as the time in years from first assessment to the first assessment at which a diagnosis of dementia was assigned via consensus (see Dementia Diagnosis). Separate Cox models were run with and without covariates, including age at enrollment.
In order to explore whether an objective measure of bilingualism was associated with cognitive trajectories or dementia conversion, all adjusted growth and Cox models described above were rerun on a subset of 235 participants who had completed the WRAT-3, substituting WRAT-3 scores for self-reported English language proficiency.
Results
Cognitive Trajectories
Cognitive domains. First, unconditional growth models were run in order to characterize trajectories of change within the four cognitive domains. Estimated initial scores and rates of change in these models are shown separately for the four cognitive domains in Table 2 . Slope estimates were significant for all four domains, indicating that performance declined over time. Slope means shown in Table 2 correspond with the annual rates of change in each domain. Specifically, on average, participants scored between .012 and .069 points worse on the z-score composites each year.
Next, self-reported bilingualism at baseline was added to the four growth models as a covariate. Greater level of bilingualism was associated with better initial performance on all four cognitive composites. Specifically, each incremental increase in selfreported bilingualism corresponded to 0.282 more points on the executive function composite (p Ͻ .001), 0.166 more points on the memory composite (p Ͻ .001), 0.189 more points on the language composite (p Ͻ .001), and 0.250 fewer points on the speed composite (p Ͻ .001). However, degree of bilingualism was not associated with rates of change in any of the four cognitive domains. In other words, cognitive function of bilinguals and monolinguals declined at the same rate over time.
In addition to level of bilingualism, the following covariates were next added to the four growth models: country of origin, gender, years of education, proportion of time spent in the United States, and recruitment wave. Associations between the six covariates (including degree of bilingualism) and the cognitive trajectories are shown in Table 3 . After controlling for the added covariates, higher level of bilingualism remained associated with better initial scores on the executive functioning and memory composites, but not on the language or speed composites. Again, degree of bilingualism was not associated with the rate of change in any cognitive domain.
Isolating task switching. Because of its special emphasis within prior research on cognitive function among bilinguals, we ran separate analyses using task switching as the outcome. An adjusted conditional model was run using standardized residualized Color Trails Test Trial 2 scores (see Executive functions) as the dependent variable. In this model, self-reported level of bilingualism was not independently related to initial task-switching ability or rate of change in task-switching ability.
Dementia Conversion
First, the influence of bilingualism on dementia conversion was estimated without covariates. In this initial model, better self-rated bilingualism was associated with lower odds of dementia conversion. Specifically, each point on the self-report scale was associated with 0.291 lower log odds of conversion to dementia.
Next, the five covariates described above and age at enrollment were added to the model. Of the seven total variables included, only female gender, age at enrollment, and years of education were significantly associated with dementia conversion. Specifically, being female was associated with 0.338 lower log odds of conversion (p ϭ .019). Each year of age past 75 was associated with 0.110 higher log odds of conversion (p Ͻ .001). Each year of education past 6 was associated with 0.054 lower log odds of conversion (p ϭ .007). Figure 1 displays survival curves from the adjusted model estimated separately for various levels of bilingualism and the three variables found to be significantly associated with dementia conversion (i.e., female, age at enrollment, and education). As shown, wider separation between estimated survival curves is seen for gender, age and education, as compared with degree of bilingualism. This pattern of results was virtually identical when the 23 individuals who converted to a non-AD or unknown cause of dementia were excluded from the analysis.
Because the association between bilingualism and dementia conversion was nonsignificant in the adjusted model, results from tests of relationships between bilingualism and the relevant covariates are presented. There was no systematic relationship between bilingualism and age. Males reported a greater degree of bilingualism than females, 2 (3) ϭ 9.566; p ϭ .023. A greater degree of bilingualism was associated with higher educational attainment, F(3, 1075) ϭ 92.783; p Ͻ .001. Tukey's honest significant difference revealed that each increase in degree of bilingualism was associated with a nonmonotonic increase in years of education, with the exception that participants who reported speaking English "very well" did not significantly differ from participants who reported speaking English "well."
Subjective Versus Objective Bilingualism
The pattern of results for the objective measure of bilingualism was virtually identical to that described above for the self-report variable. Independent of the covariates described above, higher WRAT-3 scores were associated with better initial scores on the executive function and memory composites and on the measure of task switching. Specifically, each point above 17 on the WRAT-3 was associated with 0.012 more points on the executive function composite (p Ͻ .001), 0.015 more points on the memory composite (p Ͻ .001), and .011 fewer points on the measure of taskswitching. WRAT-3 scores were not independently associated with initial scores on the language or speed composites, rates of cognitive decline, or dementia conversion.
Discussion
Results from this study indicate that native Spanish speaking immigrants to the United States who became bilingual by learning English as adults are not protected against age-related cognitive decline or the development of dementia above and beyond other, related variables (e.g., education). Specifically, neither selfreported English proficiency nor objectively measured English reading level was associated with dementia conversion or rates of decline in episodic memory, language, executive function, speed, or task switching in this sample. Independent of covariates, bilingualism (subjective or objective) was only associated with higher initial performance on tests of memory and executive function. Additionally, an objective measure of English reading level was associated with better initial task-switching ability. The dementia incidence rate (i.e., 26% over 23 years) is comparable with rates observed in other longitudinal studies with similar amounts of follow-up (Rocca et al., 2011; Saczynski et al., 2010) .
These findings concur with the results of the largest clinic-based study examining the influence of bilingualism on dementia, which found no difference in age of AD diagnosis among bilingual and monolingual patients at a memory clinic in Montreal (Chertkow et al., 2010) . The current study extends these findings to a much larger, community-based sample in the United States and uses a cleaner sample of incident dementia cases. The present results are also in line with two community-based studies that reported no relationship between dementia conversion and constructs closely related to bilingualism. Crane et al. (2009) reported no protective effect of self-reported use of written Japanese in midlife on later dementia risk among Japanese American men born and educated in the United States. Sanders, Hall, Katz, and Lipton (2012) found no difference in dementia risk between native and non-native English speakers, though this study did not assess for potential bilingualism among native English speakers (78% of the sample). It is unclear whether the present results are in line with those of Gollan, Salmon, Montoya, and Galasko (2011) . Although those authors reported a significant correlation between degree of bilingualism and age of dementia diagnosis among a subgroup of 22 Hispanics, they do not indicate whether this association remained significant after controlling for education, which ranged from 2 to 11 years, in this small subgroup. Our results do not support the findings of a smaller, clinic-based study in Toronto (Bialystok et al., 2007) . Several shortcomings of this previous report warrant mention. First, age of dementia diagnosis was determined via retrospective chart review based on patient and family recollection of symptom onset as documented in neurologists' notes. In the present study, age of dementia diagnosis was determined prospectively via comprehensive neuropsychological evaluation and expert consensus. Second, quantitative data on the degree of bilingualism were not available. In the present study, degree of bilingualism in English was quantified via self-report and an objective reading level measure. Third, amount of formal education was lower in bilinguals than monolinguals, but the comparability of the education variable between bilinguals educated outside of Canada and monolinguals is unknown. In our sample, we controlled for not only years of formal education, but also country of origin in order to better control for differences in educational quality. Fourth, bilingual status was confounded by immigration status, and analyses did not control for race and ethnicity. Importantly, in the present study of Hispanic immigrants, analyses controlled for both country of origin and proportion of time spent in the United States, because both variables were associated with bilingualism and cognition. It should be noted that the populations under study vastly differ across research groups. The 93 bilinguals studied by Bialystok et al. spoke 25 different languages, and many were bilingual before emigrating from their native countries. Spanish was the primary language spoken by participants in the present study, who generally learned English after emigrating primarily from the Caribbean (Dominican Republic, Puerto Rico, and Cuba). Patients studied by Gollan et al. (2011) were mostly Mexican American immigrants, whose culture, immigration history and pressures, and educational environment are considerably different than those of the northern Manhattan-dwelling Caribbean Hispanics.
Bilinguals in the present study exhibited higher initial levels of executive functioning and episodic memory than monolinguals, even after controlling for gender, country of origin, education, and time spent in the United States. These findings are in line with previous reports that bilingual adults exhibit superior executive control and visual episodic memory (Bialystok et al., 2004 Salvatierra & Rosselli, 2010; Schroeder & Marian, 2012) . This is the first study to report a bilingual advantage in verbal episodic memory among older adults. Bilinguals' better episodic memory performance may be tied to their superior executive function abilities, specifically, the control processes needed to selectively encode, organize, and retrieve words. In support of this idea, bilinguals show enhanced inhibition of lexical competitors relative to monolinguals when retrieving words from semantic memory Kaushanskaya, Blumenfeld, & Marian, 2011 ). However, not one of these cross-sectional findings can demonstrate whether bilingualism imparted these superior skills. It is possible that better executive and memory skills facilitated the acquisition of a second language. Indeed, we found that these superior cognitive abilities did not translate into protection from age-related decline in these abilities over time.
Several important strengths of this study represent improvements over prior work. First, participants were followed prospectively over 23 years to ensure high-quality information on incident dementia. Many previous studies have relied on retrospective estimates of dementia onset, which are often inaccurate. Second, the sample was recruited from among Medicare-eligible residents of a racially and ethnically diverse area, making it much more representative of older adults in the community than samples recruited from clinics or volunteer populations. Third, the sample is the largest used to assess the influence of bilingualism on the development of dementia. Fourth, complementary longitudinal methods were employed in order to comprehensively examine the influence of bilingualism not only on the development of dementia, but also on changes in multiple cognitive domains. Fifth, all analyses carefully controlled for potential confounding variables that were related to the outcomes. Finally, results for self-reported bilingualism were validated with an objective measure of reading level.
There are several factors that might influence the relationship between bilingualism and cognitive aging that were not considered in the current study. An important variable of interest is bilinguals' degree of engagement in their second language. If executive function benefits rely on extended practice in inhibition, as proposed by Emmorey, Luk, Pyers, and Bialystok (2008) , then protective effects of bilingualism on aging might only emerge in those who actively use both languages in their daily lives (e.g., speak one language at home and another at work). Although we expected this to be reflected in the English reading level measure, future studies should explicitly assess how often and in what settings each language is used. A related variable that might influence the bilingualism-cognition link is the age at which the second language was acquired. For example, inhibitory demands might be greater in late-onset bilinguals compared with lifelong bilinguals because their first language has already achieved dominance by the time they learn their second language. As such, it may be more difficult to repress their dominant language during the production and comprehension of their second language, resulting in more intense practice in inhibition. If the amount, rather than the intensity, of practice is the primary contributor to executive function benefits, then lifelong bilinguals may have more of an executive control advantage. In support of this idea, Schroeder and Marian (2012) found that earlier second language acquisition and longer experience with the second language were associated with higher visual episodic memory performance among bilinguals. Most of the participants in our study acquired English upon arriving in the United States, and we adjusted for age at immigration. However, we did not explicitly ask when each participant began to learn their second language.
Standardization of measures of bilingualism (subjective and objective) across studies would improve comparability among results. Measurement of bilingualism is particularly complex in cognitive-impaired older adults, whose second language abilities may deteriorate with the progression of neurodegenerative changes. Importantly, future studies should also explore whether the degree of typological similarity between a bilingual's two spoken languages exerts distinct effects on age-related cognitive decline. There is evidence that different language pairs lead to distinct cognitive profiles among bilinguals due to differing crosslinguistic interference (Kormi-Nouri et al., 2008; Loizou & Stuart, 2003) . Knowledge of a second language's syntactic, phonologic, and orthographic structures influences how one processes the other language. Factors such as typological similarity between languages and the type of languages spoken in a community influence the amount of interference from the second language (Serratrice, Sor-ace, Filiaci, & Baldo, 2009) . Although the effects of language similarity on bilinguals' executive control processes have not been directly examined, it is possible that the added cognitive burden of maintaining two orthographically and phonemically disparate languages (e.g., English and Japanese or Korean) may confer better protection from cognitive decline relative to two more structurally similar languages (e.g., Spanish and English). In other words, it is possible that the executive challenge of switching between English and Spanish is not enough to impart changes significant enough to protect against cognitive decline and dementia. Broadly, it should be noted that because of the nature of our cohort and potential specificity of cognitive effects of bilingualism in different languages, we believe that our results should only be generalized to Spanish-speaking immigrants who learn English as adults.
Importantly, the protective effect of bilingualism on dementia conversion identified in an unadjusted model was accounted for by other, related differences between monolinguals and bilinguals (e.g., educational attainment, country of origin, age of immigration). Future studies of bilingualism should carefully control for these and other variables that may influence dementia risk. Bilinguals differ from monolinguals in more than just language use and language learning. Educational background, socioeconomic status, immigration history, and cultural factors are important to consider.
In conclusion, results from this large, prospective, communitybased study do not support a protective effect of bilingualism on cognitive decline or the development of dementia among older Spanish-English speakers. Rather, these longitudinal data show that Spanish-speaking immigrants who acquire English as a second language during adulthood exhibit better baseline performance on certain cognitive tasks than those who do not. As a result of the lack of evidence for differences in longitudinal change, it cannot be ruled out that better longstanding executive and memory skills facilitated the acquisition of a second language in this sample. A bilingual advantage in cognitive aging may reflect premorbid capabilities and/or a higher quality of educational experience.
